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Induction of Interleukin-6 During Human Immunodeficiency Virus Infection

By Deborah L. Birx, Robert R. Redfield, Kathleen Tencer, Arnold Fowler, Donald S. Burke, and Giovanna Tosato

Interleukin-6 (IL-6), a multifunctional cytokine produced in
monocytes, fibroblasts, and other cell types, is induced by 8
variety of stimuli, including bacteria, viruses, and other
cytokines. When normal monocyte cultures were exposed
to a monocytotropic strain of human immunodeficiency
virus (HIV), HTLV-lll,, ., significant levels of IL-6 bioactivity
were detected in the cuiture supernatants after 12 to 43
days of incubation, at a time when there was associated
evidence of HIV production. Similarly, when normal mono-
cyte cultures were cocultured with peripheral blood mono-
nuclear cells from HIV-infected individuals, HIV replication
in these cultures was associated with production of IL-6. In
further studies, we determined that mean serum levels of
IL-6 bioactivity were abnormally elevated in HIV-seroposi-
tive individuals with stage '/, infection (25.2 x/~+ 1.8
U/mLl) and stage ¥, infection (46.1 x/ = 1.7 U/mL) when
compared with normals (1.6 x/ <+ 1.2 U/mL). In contrast,
mean serum IL-6 levels were not different from normal in
stage % infection (2.7 x / + 1.6 U/mL). A selected group of

NTERLEUKIN-6, (IL-6), a recently identified phospho-
glycoprotein, is emerging as a multifunctional cytokine
induced by a variety of stimuli. Monocytes, fibroblasts,
keratinocytes, and endometrial stromal cells produce IL-6 in
vitro on stimulation with different signals, such as bacteria,
bacterial products, viruses, and certain cytokines."® IL-6
stimulates liver cell cultures to produce a number of “acute-
phase proteins,” such as C-reactive protein, fibrinogen, and
a-1-antichymotrypsin”®; promotes growth and immunoglab-
ulin (1g) secretic~ in B cells>'® acts as an accessory signal for
T cells'''?; and stimulates colony formation in hematopoietic
progenitor cells.”” Other properties attributed to IL-6 include
antiviral activity,'* growth of myeloma cells,'*'® and growth
inhibition of myeloleukemic and breast carcinoma cells.!’

The muitiplicity of functions displayed by IL-6 in vitro
suggests that this cytokine may also display multiple com-
plex roles in vivo. So far, a number of studies support the view
that 1L-6 is a critical mediator of acute phase responses in
vivo. Serum levels of IL-6 increase substantially in severe
burn victims,'® in septic individuals,"” and during acute
rejection of kidney transplants.”® The levels of IL-6 then
rapidly return to normal after resolution of the acute episode.
IL-6 may also have a role in certain chronic or recurrent
inflammatory states because levels of IL-6 are elevated in the
serum and synovial fluid of a proportion of patients with
rheumatoid arthritis.”"**

It was recently reported that increased messenger 1L-6
levels and increased secretion of IL-6 bioactivity are induced
early after exposure of normal mononuclear cells to either
live or inactivated HTLV-11Ib.?* In addition, it is known that
human immunodeficiency virus (HIV)-infected individuals
have abnormally elevated serum Ig levels,™ and that a
proportion of HIV-infected individuals also display abnor-
mally elevated numbers of Epstein-Barr virus (EBV)-
infected B cells in the circulation.’” Studies of IL-6 bioactiv-
ity in vitro have shown that 1L-6 stimulates the proliferation
of EBV-infected B cells’ and promotes Ig secretion in
activated B cells.® For these reasons, we have further studied
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12 HiV-seropositive individuals {stages 1, 2, and 3) who
harbored HIV capabie of replicating in T cells but not in
monocyte cultures had a mean serum IL-6 level > 5.3 U/mL
{x/ +1.5), a value significantly lower {P < .004) than that
measured in control HIV-seropositive individuals infected
with monocytropic HIV {39 x/+ 1.9 U/mL). In addition,
serum [L-6 levels in HIV-seropositive individuals (stages 1
through 6) correlated directly with serum immunoglobulin
G (lgG) levels (R = .74, P < .001). Monocytes but not T
cells are capable of a high level IL-8 production in vitro, and
monocyte-derived IL-6 stimulates lg production in acti-
vated B cells. Thus, HIV-seropositive individuals who often
are infected with monocytotropic HIV and often display
abnormally elevated serum igG levels may exhibit these
abnormalities as a consequence of abnormally elevated IL-6
levels induced by HiV.

This is a US government work. There are no restrictions on
its use.

the role of HIV as an inducer of IL-6. In particular, we have
examined whether HIV, isolated from infected individuals,
induces IL-6 secretion in vitro. In addition, we have tested
whether HIV-infected individuals have abnormally elevated
serum IL-6 levels.

MATERIALS AND METHODS

Patient selection and serum samples. Serum samples and mono-
nuclear cells were obtained with informed consent from individuals
at Walter Reed Army Medical Center (WRAMC) during clinical
HIV staging evaluations. HIV-infected patients were staged accord-
ing to the WRAMC staging criteria for HIV infection.” Briefly,
stage 1 individuals have greater than 400 CD4 cells/mm’, while
stage 2 individuals have greater than 400 CD4 cells/mm’ and
chronic (>3 months) adenopathy. Stage 3 and 4 patients have less
than 400 CD4 cells/mm’ with stage 4 patients demonstrating early
defects in delayed-type sensitivity. Stage S and 6 patients have less
than 400 CD4 cells/mm® and increasing degrees of clinical immuno-
deficiency, with stage 5 patients having anergy or symptomatic,
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biopsy-proven thrush, and stage 6 patients demonstrating opportunis-
tic infections generally associated with HIV disease. Kaposi's
sarcoma is not considered a stage identifier and none of the patients
in this study had Kaposi's sarcoma. All patients were seropositive for
HIV by enzyme-linked immunosorbent assay (ELISA) and Western
blot. None of the patients were acutely ill with an intercurrent illness
at the time of this study. Normal sera and mononuclear cells were
also obtained from healthy HIV seronegative controls.

Virus isolation from peripheral blood. Patient or control periph-
eral blood mononuclear cells (PBMCs) were cocultured both with
normal monocytes and normal PBMCs, essentially as described.”
Normal monocytes, obtained by elutriation of PBMCs (>95%
nonspecific esterase positive cells’®) were first incubated for 4 days
(5 x 10° cells/mL in 24-well tissue cuiture plates, 0.5 mL/well) in
mono<yte isolation culture medium consisting of Dulbecco’s modi -
fied Eagle's medium (DMEM) (GIBCO, Grand Island, NY) supple-
mented with 5% human sera and 1,000 U/mL colony-stimulating
factor (CSF) (Cetus Corp, Emeryville, CA). Patient or control
PBMCs (2 x 10° cells in 0.5 mL isolation culture medium) were
then added to the 24-well plates containing 4-day precultured
normal monocytes, and incubation continued.

Normal PBMCs (1 x 10° cells/mL in 75-cm? tissue culture flasks,
40 mL/fask) were first incubated for 3 days in culture medium
(RPMI 1640 with 15% fetal calf serum (FCS), 20 mmol/L
L-glutamine, all from GIBCO, and 5 ug/mL gentamicin (Sigma
Chemical Co, St Louis, MO) supplemented with phytohemaggluti-
nin (PHA) (Sigma; 1 ug/mL). During the final 60 minutes of
incubation, cultures were supplemented with polybrene (Sigma; 2
ug/mL). After incubation, the PHA-stimulated and polybrene-
treated PBMCs were washed, suspended (2 x 10° cells/mL) in
T-cell isolation culture medium consisting of RPMI1 1640 with 15%
FCS. 20 mmol/L L-glutamine, 5 ug/mL gentamicin, and 100
U/mL recombinant 1L-2 (Cetus), and transferred to tissue culture
tubes (Falcon 3033. 1 mL/tube; Division at Becton Dickinson,
Lincoln Park, NJ). Patient or control PBMCs (3 x 10° cells in 1.5
mL T-cell isolation culture medium) were then added to the culture
tubes containing preactivated normal PBMCs, and incubation con-
tinued. All cultures were fed twice weekly by replacing 50% of the
appropriate monocyte or T-cell isolation culture medium; the cell-
free culture supernatants were stored a. - 70°C, and analyzed for
the HIV-associated p24 antigen and IL-6 biocactivity. A culture was
considered positive for HIV when p24 levels were =250 pg/mL in
culture supernatants obtained in 2 consecutive weeks, as measured in
a standard ELISA, using the Coulter p24 kit (Coulter Electronics,
Hialeah, FL). Cultures were maintained until evidence of HIV
production was obtained or until day 84. Previous resuits had
demonstrated that incubation beyond day 84 did not improve HIV
isolation.

Monocyte infection with HTLV-111,,,. A monocytotropic strain
of HIV, HTLV-IIl,,, (a gift of Drs S. Gartner and M. Popovic,
National Cancer Institute, Bethesda, MD) was propagated and
prepared as previously described.” Monocytes (>95% nonspecific
esterase positive cells) obtained from PBMCs by clutriation.” were
precultured for 2 days (1 x 10° cells in 2 mL culture medium
consisting of RPM1 1640 supplemented with 10% FCS, 2 mmol/L
L-glutamine, and 5 ug/mL gentamicin) in 24-well plates (Costar).
Triplicate cultures were then exposed to either medium or HTLV-
11y, (80,000 cpm/mL reverse transcriptase activity) or heat-
inactivated (1 hour at 56°C) HTLV-Ill,, . After 2 days of incuba-
tion, all monocyte cuitures were washed (to remove excess virus
where added) and then cultured in complete culture medium. Cells
were fed every 4 to 5 days by replacing 50% of the medium. Culture
supernatants, obtained every 4 to 5 days, were stored at - 70°C and
analyzed for p24 antigen and IL-6 bicactivity.

BIRX ET AL

Assay for IL-6 activity. B9 cells were used in a standard assay
for IL-6 bioactivity.* Serial 1 to 4 dilutions of culture supernatants,
sera, and recombinant Escherichia coli-derived 1L-6 (Genzyme,
Boston, MA; used as a standard throughout) were distributed in
triplicate to 96-well round bottom plates. Exponentially growing B9
cells (2 x 10° cells/well) that had been extensively washed free of
IL-6 were added to the plates. Culture medium (0.2 mL/well)
consisted of RPMI 1640 supplemented with 10% FCS and 10 *
mol/L 2-mercaptoethanol. Plates were incubated for 84 hours at
37°C in a humidified (5% carbon dioxide) incubator, then pulsed
with 0.5 uCi/well [*H]-thymidine (6.7 Ci mmol; New England
Nuclear) for the last 4 hours of culture, harvested with an automated
cell harvester, and counted (LKB beta plate system). Arithmetic
means of triplicate wells were calculated and used for analysis.
Activity is expressed as 1L-6 U where 1 U is defined as causing
one-half maximal B9 cell proliferation under the conditions de-
scribed. An IL-6 concentration of 1 U/mL corresponds to approxi-
mately 7 pg/mL of a recombinant IL-6 laboratory standard, and to
5.5 U/mL of the interim IL-6 National Institutes of Heaith
reference standard (prep 88/514).

Soluble IL-2 receptor determination. Serum samples were ana-
lyzed for content of soluble IL-2 receptor (sIL-2R) using a standard
ELISA (T Cell Sciences®).

Radiolabeling, immunoprecipitation, and polyacrylamide gel
electrophoresis (PAGE). HIV positive (p24 > 250 pg/mL) cul-
tures of normal monocytes infected with HIV-III;, , established as
described above, were washed three times with methionine deficient
MEM (GIBCO), then incubated in the same medium (2 mL)
supplemented with 1% methionine-deficient FCS, 2 mmol/L L-glu-
tamine, and 100 ¢Ci/mL [**S]-methionine (New England Nuclear;
100 uCi/mmol) for 48 hours. After incubation, supernatants of
triplicate cultures (6 mL) were precipitated at 4°C with a saturated
solution of ammonium sulfate (50% vol/vol), centrifuged at 4,000g
for 30 minutes, and the resulting pellets immunoprecipitated, as
previously described.”® A rabbit heterologous antiserum to £ coli-
derived IL-6' and a control normal rabbit serum were used as
immunoprecipitating agents at a dilution of 1:200. Immunoprecipi-
tated material was electrophoresed through a 12.5% PAGE contain-
ing 0.1% sodium dodecyl sulfate (SDS).>* After electrophoresis, the
gels were fixed, treated with Enlightening (New England Nuclear),
dried, and autoradiographed at — 70°C.

Stiatistical analysis. Geometric means, standard error, standard
deviations of the means, Student’s s-test, nonparametric Spearman
Rank correlations, and correlation coefficients were calculated using
conventional formulas.

RESULTS

HIV replication in normal monocytes is associated with
IL-6 secretion. It was previously reported that normal
monocytes exposed to the laboratory strain of HIV, HTLV-
I1Ib, display a transient increase in IL-6 messenger RNA
after 2 hours and produce increased levels of 1L-6 bioactivity
after 24 hours.” Both events were observed with either live or
inactivated HIV, demonstrating that monocyte infection was
not required. We have now examined whether HIV-
replication in normal monocyte cultures is associated with
IL-6 secretion. To this end, normal peripheral blood mono-
cyte-enriched populations were infected with the monocyto-
tropic strain of HIV, HTLV-111,, , and cultures were tested
for HIV and [L-6 production. As expected, in each of three
experiments monocytes exposed to HTLV-III,,, had evi-
dence of viral production beginning on day 7. as demon-
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INDUCTION OF iL-6 DURING HIV INFECTION

strated by the detection of greater than 250 pg/mL of p24
antigen (not shown). Also, monocyte cultures exposed to
either medium alone or heat-inactivated HTLV-111,,, had
no evidence of viral production (p24 < 10 pg/mL). As shown
in Fig 1, in each of these experiments monocytes exposed to
HTLV-IHI,, secreted IL-6 bioactivity in the supernatant
beginning on day 11, and increasing thereafter. No IL-6
bioactivity above background (medium alone) was detected
in culture supernatants when the monocytes were exposed to
medium alone (not shown) or medium supplemented with
heat-inactivated virus (representative results from one of
three experiments are shown).

To ensure that IL-6 was produced in these mononuclear
cell cultures infected with HIV, [*S]-labeled supernatants
were immunoprecipitated with a rabbit heteroantiserum to £
coli-derived IL-6 and the immunoprecipitates analyzed by
SDS-PAGE under reducing conditions. As shown in Fig 2,
the characteristic bands attributable to IL-6*'" could be
visualized in HIV-infected culture supernatants immunopre-
cipitated with an anti-IL-6 but not a control serum. Thus,
monocyte cultures productively infected with HTLV-I1I,
secrete IL-6 in the supernatants.

Natural isolates of HIV induce IL-6 secretion in human
mononuclear cells. In further studies, we have examined
whether natural isolates of HIV from infected individuals
might also induce 1L-6 production in culture. To this end,
highly purified monocyte preparations (>95% nonspecific
esterase positive cells) were cocultured with either normal
mononuclear cells or mononuclear cells from HIV-infected
individuals. At weekly intervals for 8 weeks, beginning on
day 8, culture supernatants were analyzed for evidence of
HIV infection. As expected, normal monocytes cocultured
with normal mononuclear cells had no evidence of HIV
production at any time point, as determined by measure of

400}
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Fig 1. HTLV-il, , stimulstes -8 secretion in monocyte cul-
tures. Supernatants of peripheral blood monocytes, exposed to
sither live (6—@, A—A, A—A4) or heat-inactivated (0—0)
HIV were tested for NL-8 bioactivity at the indicated time points.
One unit of IL-8 bioectivity is defined as the activity inducing
one-haif maximal proliferation of the target BS cells.
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Fig 2. Detection of iL-8 protein in HiV-stimulated monocyte

iture super 3S-labeled supernatants of monocytes ex-
posed to HTLV-ili,,, and producing HIV (p24 ievels in the superna-
tant >250 pg/mlL) were immunoprecipitated with either a control
normal rabbit serum or an antihumen IL-8 serum (both at a dilution
of 1:200). Immunoprecipitates were analyzed by electrophoresis
under reducing conditions and autoradiographed.

the HIV-associated antigen, p24, in the culture supernatants.
In contrast, using the same assay system, monocyte cultures
incubated with mononuclear cells from HIV-seropositive
individuals had evidence of HIV production in 12 of 24
samples tested. When monocyte supernatants were tested for
IL-6 bioactivity in a standard growth assay of B9 celis, we
found that the levels of IL-6 bioactivity were significantly
higher in monocyte supernatants with clevated p24 levels
when compared to monocyte supernatants with low p24
levels (P < .04 Spearman Rank test). Table ! shows the
results of p24 antigen and IL-6 bioactivity determinations in
monocyte culture supernatants obtained on day 84 of incuba-
tion or at an earlier time poini {geometric mean = 36 days)




2306

Table 1. IL-68 Secretion in Normal Monocyte Cocultured With
Mononuclear Ceils From Normal or HIV-Seropositive Individuals

p24 Levels -6 Activity
Cocultures No. (pg/mL) (U/mL) Mean x/+ SEM
Normal {HIV-seronegative) 5 <10 6.7 x/+ 5
HIV seropositive 12 <10 51x/+ 25
HIV seropositive 12 >250 48 x/+ 6.3

Cell-free culture supernatants of monocyte-enriched populations cocul-
tured with either normal or HIV-seropositive PBMC were tested in paraliel
for the presence of the HIV-associated antigen p24 and for IL-6
bioactivity. p24 Leveis were determined by ELISA; a culture was
considered HIV-positive if p24 levels in the supernatants were greater
than 250 pg/mt. in 2 consecutive weeks. IL-6 levels (expressed in units
per milliliter) were determined by a standard growth assay for B9 cells.
Data shown reflact parallel determinations on day 84 of coculture or at an
earlier time point for HiV-positive cuitures (mean = 36 days). Culture
medium used for virus isolation had a mean of 2 x/+ 1.3 U/mL of IL-6.

when p24 levels were found to be greater than 250 pg/mL in
2 consecutive weeks. These findings strongly suggest that
HIYV, isolated from the blood of HIV-seropositive individu-
als, induces secretion of 1L-6 bioactivity in mononuclear cell
cultures.

Serum IL-6 levels are elevated in HIV-seropositive individ-
uals. Because HIV, isolated from infected individuals,
induced IL-6 production in mononuclear cell cultures, we
asked whether HIV-infected individuals might have abnor-
mally elevated serum IL-6 levels. To this end, serum samples
from 10 normal adults and 40 individuals with HIV infection
were tested for the presence of IL-6 as determined by the B9
cell growth assay. As shown in Fig 3, the mean content of
IL-6 in normal serum was 1.6 x/+ 1.2 U/mL (geometric
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Fig 3. NIL-8 bioactivity content in normal and HIV-seropositive
sers. Serially diluted sers were tested for IL-8 biocactivity in a
standard sssay for K-8, as described in Materisls and Methods.
One unit of L-8 biocactivity is defined ss the activity inducing
one-half maximel proliferation of the target B9 colts.
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Fig4. Neutralization of serum [L.-8 bioactivity by an antibody to
human IL-8. An appropriately diluted {1:16 to 1:268) HIV-
seropositive serum was preincubsted for 1 hour with either
medium, or control rabbit IgG (20 ug/mL) or rabbit igG anti-human
-6 (20 ug/mlL). After incubation, B9 cells (3 x 107 cells/well)
were added to the wells, and culture continued for 48 hours.
Proliferation was measured by [‘H]—thymidino incorporation during
the final 4.5 hours of the culture. Results are expressed as
cpm/culture.

mean x/+ SEM). In contrast, the mean serum content of
IL-6 in 15 HIV seropositive individuals with stage (/)
disease was 25.2 x/+ 1.8 U/mL, and in HIV-seropositive
individuals with stage (%) disease 46.0 x/+ 1.7 U/mL.
Both mean serum IL-6 values are significantly different from
normal (P < .001). HIV-seropositive individuals with late
stage (%) disease were found to have 2 mean serum IL-6
content of 2.7 x/+ 1.6 U/mL, a value not different from
normals (P = 1.0).

B9 cells have been reported to selectively respond to IL-6
and not to proliferate in response to other known growth
factors.” However, to ensure that IL-6 in the serum was
responsible for growth stimulation of the IL-6-dependent B9
cells, neutralization experiments were performed as
described.’ Medium, control rabbit IgG (anti-human IL-18,
20 ug/mL," or rabbit IgG anti-human IL-6 (20 ug/mL')
were preincubated for t hour at 37°C in microtiter plates
with cither medium or appropriately diluted HIV seroposi-
tive sera (culture volume 0.1 mL). After incubation, B9 cells
(2 x 10°cells in 0.1 mL) were added to the wells, and culture
continued for 3 days. As shown in a representative experi-
ment (Fig 4). a rabbit antibody to highly purified recombi-
nant human IL-6, but not a control antibody, neutralized
growth stimulation of B9 cells induced by serum from an
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HIV-seropositive individual. These findings strongly suggest
that HIV-positive individuals (stages | through 4) generally
have abnormally high levels of IL-6 in their serum.

Serum levels of IL-6 directly correlate with serum levels
of 1gG. but not of soluble IL-2 receptor (sIL-2R). In vitro
studies have demonstrated that IL-6 promotes B-cell
proliferation** and Ig production.'® HIV-infected individu-
als often have elevated serum Ig, particularly of the IgG
isotype.’® We have now examined whether serum levels of
IL-6 in HIV seropositive individuals (stages 1 through 6)
might correlate directly with serum levels of I1gG in the same
individuals. As shown in Fig S, in 40 HIV seropositive
individuals there was a direct relationship between serum
IL-6 levels and serum IgG levels (r = .74; P < .001).

As well as often having abnormally elevated serum Ig
levels, HIV-infected individuals have been reported to fre-
quently have abnormally elevated serum levels of sIL-2R.»
This is believed to reflect an underlying state of T-cell
activation during HIV infection. However, unlike Ig, in vitro
studies have demonstrated that IL-6 does not promote, either
alone or with mitogenic costimuli, IL-2R expression in T
cells.'""'> We have examined (Fig 6) the relationship between
the two parameters (serum IL-6 levels and sIL-2R levels) in
19 HIV-seropositive individuals (stages ') and found no
direct relationship (r = .01; P > .95). Thus, IL-6, known to
induce Ig production in vitro,'® was generally found to be
abnormally elevated in sera of those HIV-infected individu-
als with high Ig levels. In contrast, IL-6, a T-cell costimulant
that does not promote IL-2 secretion or IL-2 receptor
expression in human T cells, was found to be present at
variable concentrations in sera of HIV-seropositive individu-
als with high serum levels of sIL-2R.

Correlation between serum IL-6 levels and isolation of
monocytotropic HIV in HIV-seropositive individuals. HIV
preferentially infects CD4 positive lymphocytes and cells of
the monocyte/macrophage lineage.’**” Because monocytes,
but not T cells, are capable of high-level IL-6 secretion,’? we
tested whether increased serum IL-6 levels in HIV-
seropositive individuals correlated directly with isolation of
monocytotropic virus from these individuals. To this end,
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Fig 6. Serum IgG levels correlate with serum R-8 in HIV
infection. Serum igG levels were plotted against serum IL-8 levels
snd correlation caicwiated by regression analysis, (r = .74,
P < .001).
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Fig 6. Relationship between serum levels of siL.-2R and serum
IL-8 lovels in sarly-stage HIV infection. Scrum levels of siL-2R were
plotted against serum levels of IL-8 and correlation was calculated
by regression analysis (r = .01, P> .950).

PBMCs from 96 HIV-seropositive individuals (stages 1, 2,
and 3) were cocultured both with normal human peripheral
blood monocytes and with normal PBMCs. These PBMCs
were prestimulated for 3 to 4 days with PHA and IL-2, and
thus contained predominantly activated T cells.

In most cases (no. 52) HIV could be isolated from HIV
seropositive bloods in both cocuiture systems. However, these
were 24 HIV seropositive blood <amples from which virus
could only be isolated in coculture with PHA and IL-2
costimulated normal PBMCs, suggesting infection with a
predominantly T-cell tropic virus. In addition, there were six
HIV-seropositive blood samples from which virus could only
be isolated in coculture with normal monocytes, and 14 from
which virus could not be isolated in either coculture system.

Mean serum IL-6 levels in 12 randomly chosen HIV-
infected individuals who tested virus-positive in PHA-
activated PBMC but not in monocyte cocultures were 5.3
U/mL (x/+1.5) (Fig 7). In parallel determinations, mean
serum [L-6 levels in 12 randomly chosen HIV-infected
individuals who tested virus positive in monocyte cocultures
were 39 U/mL (x/+1.9) (P < .004). Together, these find-
ings suggest a correlation between elevated serum IL-6 levels
in HIV-seropositive individuals and infection with a monocy-
totropic strain of HIV.

DISCUSSION

In this study, we present evidence that a laboratory strain
of HIV, HTLV-Ill,, ,, as well as natural isolates of HIV
from 12 seropositive individuals, promote IL-6 production in
culture. Several features characterize in vitro IL-6 produc-
tion induced by HIV, including a delayed onset after
exposure to the virus, the associated occurrence of HIV
replication, and the monocyte derivation. The laboratory
strain HTLV-1Ily,, induced IL-6 production in monocyte
cultures not before day 11 after addition to culture. At this
time the monocytes had began replicating and secreting
HIV, as documented by the levels of HIV-associated p24
antigen in culture supernatants. No IL-6 was detected when
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Fig 7. Relationship between infection with monocytotropic
HIV and serum iL-6 levels. Serum IL-6 levels were measured in two
groups of 12 HIV-seropositive individuais (stages 1, 2, and 3)
infected sither with HIV capable of replicating in PHA and IL-2
stimulated PBMC (but not in purified monocyte cultures), or with
HIV capable of replicating in monocyte cultures.

the virus was inactivated before the addition to monocyte
cultures. Similarly, when HIV was derived from virus-
infected individuals, secretion of IL-6 in culture occurred
after a mean of 36 days of incubation. Secretion of I1L-6 in
the.e cultures correlated directly with evidence of HIV
production in the same cultures, suggesting that HIV,
isolated from HIV-infected blood, was responsible for elicit-
ing IL-6 production.

The experiments presented here indicate that the mono-
cytes are the cellular source of IL-6 production induced by
HIV. In one set of experiments, the monocytes represented
greater than 95% of the cell type in culture, and thus are the
likely source of [L-6 induced by HTLV-IIl,, . In other
experiments that used naturally occurring HIV as the IL-6
inducing agent, the monocytes represented only 50% of the
cells in culture. However, among blood cells the monocytes
are the principal source of IL-6 production in vitro.”*¥ In
addition, the monocytes are the predominant, if not the only,
blood cell capable of long-term survival in vitro under the
culture conditions used that excluded known T- and B-cell
growth factors.

The mechanisms of IL-6 induction by HIV are unclear at
present. The experiments presented here show that IL-6
secretion in culture was associated with evidence of HIV
production in the same culture. It is possible that the
monocytes secreting IL-6 are also those productively infected
with HIV. This possibility is supported by the observation
that individuals infected with HIV capable of replicating in
monocyte cultures had significantly higher serum IL-6 levels
than individuals infected with HIV capable of replicating in
T-cell, but not monocyte, cultures. However, previous exper-
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iments have suggested that HIV can induce a rapid and
transient increase of IL-6 gene expression in monocytes
without infecting the cells, probably by signal transduction
via a cell surface protein.” Although the present experiments
do not examine these early and transient cell-virus interac-
tions, it could be that HIV, secreted in culture by produc-
tively infected monocytes, goes to stimulate 1L-6 production
in monocytes not infected with the virus. While further
studies are required to address these issues, the present
experiments demonstrate that HIV replication in monocyte
cultures is accompanied by a sustained secretion of IL-6.

If these in vitro events have an in vivo counterpart, one
would expect to find elevated levels of IL-6 in HIV-infected
individuals. We have found that a proportion of HIV-
seropositive individuals with stage 1 through 4 disease have
abnormally elevated serum IL-6 levels. In contrast, HIV
seropositive patients with advanced disease, stages 5 and 6,
displayed serum IL-6 levels not different from normal.
Similar findings have recently been reported by others.®

Patients with advanced HIV disease are alsc those who
have the greatest HIV burden,” and thus may be expected to
display the highest levels of serum IL-6. In contrast, we
found that patients with advanced HIV disease generally
have normal serum IL-6 levels. It is possible that the cells
capable of producing IL-6 in vivo are damaged in late-stage
HIV disease, and functionally impaired. It is also possible
that IL-6 is produced at a high rate in stage %, HIV disease
but is mostly bound to carrier proteins that would prevent its
detection in biologic assays such as that used here. a-2-
Microglobulin, identified as a carrier protein for IL-6,%" has
been shown to inhibit the function of a number of growth
factors by preventing their binding to the appropriate
receptors.*’*’ It is worth noting that serum §-2-microglobu-
lin levels are markedly elevated in late-stage HIV disease.*
Finally, it is possible that HIV is not the only, and perhaps,
not even the principal inducer of 1L-6 production in HIV
seropositive individuals. It could be that HIV requires a
costimulus (or costimuli) for IL-6 induction that is nc longer
present in late-stage HIV disease. Further studies are in
progress to address these issues.

What might be the role of IL-6 in the pathogenesis of HIV
disease? Previous studies have demonstrated that serum 1L-6
levels are markedly clevated in severe burn victims, in septic
individuals, and in volunteers injected with endotoxin or
tumor necrosis factor; IL-6 levels then rapidly return to
normal after the acute episode.'*'**** The role attributed to
1L-6 in these conditions is to elicit many of the acute-phase
serum protein alterations that usually accompany an acute-
phase response. Indeed, 1L-6 in vitro is a potent inducer of
C-reactive protein, fibrinogen, a-1-antichymotrypsin, and
a-1-antitrypsin in liver cells, and an inhibitor of albumin
production in the same cells.”™ Abnormally high IL-6 levels
have also been reported in sera and synovial fluids of a
proportion of patients with rheumatoid arthritis.”"* In this
illness a significant correlation was found between serum
IL-6 levels and disease activity.

Individuals with HIV infection often have circulating acti-
vated B cells and abnormally clevated serum Ig levels. 2474
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In addition, a proportion of these individuals display abnor-
mally elevated numbers of EBV-infected B cells in the
circulation that might predispose them to the occurrence of
EBV-containing B-cell lymphoproliferations.37 In vitro IL-6
stimulates Ig production in B cells activated by a variety of
signals'®'? and promotes the proliferation of EBV-infected B
cells.? It is tempting to speculate that IL-6, chronically
induced by HIV, and perhaps a variety of other stimuli, are
responsible for promoting 1g secretion and expanding the
pool of B cells latently infected with EBV in HIV-infected
individuals.

An additional possibility is that IL-6 might cause HIV
disease progression by promoting T-cell proliferation. In
vitro IL-6 stimulates T-cell proliferation'''? and it is known
that activated T cells replicate HIV in preference to resting T
cells.**® Thus, by inducing T-cell proliferation IL-6 may
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contribute to the expansion of the pool of HIV-infected T
cells.

Many questions remain relating to the mechanisms of I1L-6
production in HIV disease and the role of IL-6 in the
pathogenesis of this illness. However, the results reported
bere demonstrate that natural isolates of HIV induce IL-6
secretion in vitro and that serum IL-6 levels are abnormally
elevated in early-stage HIV disease. These findings provide
further evidence for a role of IL-6 as an important mediator
of host responses during virus infection.
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